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Tiio  co..u,on  root  of  lysis  of  Jscherichia  coli  by  ocnicilliu  or  by  ph.igc . 
(decona  report  on  "phage  oji^ao"  (1).  ‘  -  . ‘  “ 

by  .'ioiutl  ana  J.  irL.iosi.jii 

^sitachrLft  far  ..nturforschurig,vl2b:  421-427  (1957). 

wiring  the  observation  of  lysea  coli  cells  ur.uer  t.ie  p..ase  contrast 
.microscope,  it  becomes  apparent  im  .yd.  atcly  shat  is  is  impossible  to  uii'for- 
enoiase  morphologically  whether  1^-  or.  j  /**..»  ux  o  c  pi  4  Co  i gc C-Ou  by  Oiid^c  (os  trial iy 
"external  lysis"  with  72,  74  or  f6)  or  by  penicillin,  f'.ds  circumstance 
suy;e5ted  to  us  some  time  ago  u.  it  eni.cilli;;,  as  a  tyoic  .1  a.  ..idiotic,  nrc- 
vcaits  the  incorporation,  by  biosynthetic  blockade,  of  a  p:,rsicul..r  on  .mi  cal 
component  into  the  cell  wall,  for  w.u  rip.rit y  of  which  it  is  res  ".onciblo, 
while,  conversely,  certain  bacteriophage  actively  claote  off  the  cw.c 
"rigidity  component"  from  the  normal  cell  Wall,  and  this  with  the  aid  of  .n 
inherent  enzyme,  the  eadritonce  of  which  (assumed  years  ago  (2);  has  been  ex¬ 
tensively  confirmed  recently  (1,3).  In  both  cases  the  visible  result  is  the 
spherical  expansion  of  the  coll  wills,  or,  depending  upon  their  elasticity  ar.Q 
uhe  extent  of  structural  carnage,  their  bursting  or  the  appe-.ra.ico  of  peculiar 
protuberances.  The  driving  force  behind  those,  sometimes  wo..u;itariiy  develop¬ 
ing  foria  changes  may  be  founa  in  differences  in  pressure  (e.g.  osmotic)  between 
the  interior  of  the  cell  and  its  surroundings. 

The  suspected  relationship  becomes  even  tore  uiatined  if  comparisons  are 
-made  of  the  conditions  under  which  lysis  is  caused  by  phage  enzyme  on  one  hand 
ana  penicillin  on  the  other,  anile  penicillin  xriu  itas  typical  coll  changes 
(good  pictures  in  l.c,  (4))  only  when  the  cells  are  ^ven  ti.e  possibility  to 
grow  by  ar.  aderaate  supply  of  nutrition,  "external  lysis"  by  phage,  or.  the 
contrary,  takes  pli.ee  only  when  active  cellular  metabolism  is  prevents.,  by 
corresponding  teasures  (5).  The  explanation  is  obvious  on  the  bisis  of  the 
formulated  hypothesis.  bells  with  a  functioning  ;.ie taboli sm  are  able  to  rapidly 
ro  lir  the  holes  eaten  by  the  enzyme  of  adsorbed  phage  particles,  fherei'oro 
they  remain  intact  morphologically.  Penicillin,  on  the  other  iuna,  can  be 
effective  only  if  the  ceil  i3  actively  extending  its  wall,  bnatr  the  specific 
blocking  effect  of  penicillin,  new  areas  of  the  cell  wall  are  proutcou  which 
are  no  longer  rigid  and  which  soon  protruue  and  burst  in  the  hypotoidc  medium, 
causing  the  destruction  of  the  cell. 


had  nlanr.od  to  sun  sort  the  hypothesis  '  -resented  here  b, 


pencil  ie  split  off  from  normal  ir.e.ibr.mes  by  phage  e.iny.we,  ..hick,  ■  ,< 
tm;  -.recoding,  snouia  no  iu-cituc  il  wxtn  ti.c  riyiuxty  cc. >  i 

all  to  yield  firm,  analytic  il  basis  for  subscoucns  it.v  -sri  g .  .  b_>: 
penicillin  membranes  (probably  incomplete  cr.cmically) .  Ti.ia  b  .si 
been  xst—  ^13  showu  in  wiio  uj-i’^crii.ciiw vl  p.irt*  ol  wmXwi  ^  i" 
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..oanwhilo  it  souois  to  have  becomo  superfluous  to  extend  the  in¬ 

vestigations  to  penicillin  :x.Jaranos.  Park  and  dtrominger  recently  ;  v.bliuuod 
a  thesis  on  the  effective  mechanism  of  penicillin  (6),  in  which  weighty  .rja- 
i.vnte  were  listen  to  the  effect  that  penicillin  indeed  prevents  Inc  nor.nl 
construction  of  bacterial  cell  walls.  t..rly  as  1949,  Far*  auc.  oo.u.sou  (7) 
noted  the  accumulation  of  very  co...;stie.-tuu  otructurou  of  uriuinu-nuclootlu  n 
by  a  penicillin-inhibited  dtaphylococcus  aureus,  without  understanding  its 
metabolic  significance  it  the  tine,  The  indicated  thesis  r.ow  explains  the 
•major  accunul ntions  of  uriuir.o  nucleooiuc  as  the  energetically  ..ctivatea  for... 
of  an  important  cell  wall  builuin"  stone  of  this  microorgaiumu,  oousistinc  of 
alanine,  glutajflic  acid,  lysine  and,,;jurai.ic  acid"  (probably  a  3“0“  Cfc*-«arbo;;y- 

cthyl-hexosairdno  (8))  in  a  pepcido  chain,  i’enieiliiu  is  said  to  prevent - 

...  in  a  tanner  as  yet  uncertain  —  the  incorporation  of  thi3  complex  into  one 
-  cell  wall  containing  the  indicated  four  a. sic  substances  as  esseiiti.d  structur¬ 
al  components,  as  determined  by  separate  total  analyses  (6). 

In  fact,  alatdno,  glutamic  acid  and  lysine  (or,  i* stead,  pi  ,  £  -civcidr.o- 
pimolic  acid),  and  sometimes  glycine,  occur  in  particularly  high  concentrations 
in  all  analysed  cell  walls  of  gram-positive  microorganisms,  a  circu:.:ot-i:ce 
w1  Ich  was  considered  almost  a  characterization  of  gran-positive  bacteria 
(9,10,11).  The  manner  of  their  construction  witldn  the  cell  wall  has  not  beer, 
clarified,  however,  so  that  an  essential  argument  in  Park  and  oii-omi, iger 1  s 
thesis  is  still  lacking. 

Our  -present  analyses  sho\£  that  alanine,  gluta.de  aciu,  uiaudr.opiii.clic 
acid  and  nuranic  acid  are  charactsristic  constituents  of  a  _,articul-r  layer 
the  coll  coll  wall,  i.e.  the  cell  wall  of  a  gram-negative  org-nis;;.,  an*i 
separated  therefrom  by  the  phage  enzyme  in  the  form  of  connected  complexes 
widch,  in  addition,  contain  gluco  ranine  ana  some  glycine  :utd  lysine.  ?-rk 
and  btrominger 1 s  thesis  is  3trorigly  supported  and  complemented  thereby,  and 
eur  awrf(o5hcept  of  the  common  root  of  lysis  'ey  phage  ana  lysis  by  pcidcilliu 
beoomes  entirely  appropriate.  1  ' „ 

Material  ana  methods. 

Preparation  of  coli  membranes:  is  described  in  l.c.  (2). 

Preparation  of  the  lipopolysacchari.de  layer  of  coli  mcnbrar.es:  ..s 
described  in  l.c.  (12),  but  without  pancreatin  digestion  following  dissocia¬ 
tion  of  phenol. 


Jeconnosition  of  membranes  with  dinitrofluorobenzene: 
l.c.  (1).  * 


as  descrxoeu  in 


. roauction  of  phage  enzyme  in  the  form  of  a  solution  with  relatively  hig. 
activity:  .»  few  ml  of  a  T2  suspension  with  a  titer  of  ar.pro.dm  rtoly  2-lt1^ 
are  nixed  with  a  trace  of  desoxyribonucluase  and  re;>e.. telly  frozen  in  u  ary 
ice-butanol  cold  bath,  then  melted  arid  warned  to  room  tea* per.. cure  v  '-a a  t:.c 
mixture  tur:i3  into  a  thin  liquid  immediately  after  melting  -n^  .. s  i.rce  oi 
threads.  ECia  has  then  been  completely  removed  from  the  nea-as  of  u\--  i_.>- 

narticles  and  sufficiently''  degraded  by  deso3$rribonuclcusc  to  c cue  ooaurca u,/ 
the  contrifugation  of  phage  shells,  containing  the  bulk  of  phage  pro  c  ear; 
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(_  hour  at  40, COO  rpm) .  binuKancously,  a  conui durable  nuauhiy  of  unay.  it>  has 
gone  into  solution  and,  together  with  the  do^rad *tioi.  products  of  u;.A,  is  con- 
•••tained  in  the  supernatant  which  coulu  bo  used  for  the  pur-wsos  of  tuo  present 
investigation  without  forth  or  purification,  .uioid  testing  for  ..otivity  with 
alnitrophenyl  membranes,  as  doscribea  in  l.c.  (1).  The  uissolved  onsy,  ,o 
separates  a  yellowish  ..utorial  frost  such  iioubr-ncs  and  aasorbua  nago,  but  has 
tho  advantage  that  mixtures  to  be  analysed  paper  chromatogra ihically  ire  not 
contaminated  with  unuuo  amounts  of  jh  .^e  protein.  Too  particles  of  fAA  un¬ 
avoidably  Carrie.:  ,-.v-:r  with  this  civuo  enzyme  solution  uo  not  disturb  Ijydro- 
lysis  and  paper  cnro....towTa  i.-iy  for  amino  acids  and  amino  sugars. 

hydrolysis  for  ai-J.no  acids  .aid  ui  ino  sugar 3:  6-n.Hdl/ll^0/1^  h. 

nydroiyais  for  sugars:  2-n.HCl/lGG°/2  h. 

Unronutogruphy  for  cuid.no  acids  (and  auino  sugars):  1.  dimension  butanol/ 
acetic  acid/watcr  4*1:5;  2.  Ji:.nnsion  pucuol/wuter  0:2  in  a...ooniacal  atrao3phex'o. 
Paper:  hacharey,  hag el  d  do.  hr.  2214. 

a  ocial  chromatography  for  ar.dno  sugars:  tert.  butanol/6-u.iidl/water 
70:1:29  (mixture  after  otrange  (13)).  Paper:  .mcnerey,  hagel  L  Co.  hr.  2214. 

Chromatography  for  sugars:  pyridine/ acetic  ester/water  7:10;3.  Paper: 
.Whatman  hr.  1. 

..e  suits 


The  coli  membrane  prepared  by  our  .'.cthoo  (2)  oonsists  of  two  layers  (12): 

"A  aoeply  situated,  rigidly  fused  layer  of  lipopoiysaccharide  that  gives  the 
coli  cell  its  typical  appearance,  and  another,  relatively  tiiick,  plvstically 
pliable  layer  of  lipoprotciao  that  covers  the  first  or.o.  both  layers  nay  be 
divorced  by  treatment  of  the  membranes  with  90/a  phenol,  in  wnich  the  lipo- 
proteide  layer  is  dissolved,  while  the  lipopoiysaccharide  layer  remains  in¬ 
soluble  . 

It  was  to  be  det-rmihca  initially,  which  of  the  two  layers  is  distinguished 
by  a  particularly  hi#i  contents  of  the  three  -dno  acids  alanine,  glutoiLiic 
acid  and  dia:ainopimelic  acid  (1),  especially  characteristic  of  the  degradation 
product  of  phage  enzyme.  Tills  layer  should  then  prove  to  be  the  true  substrate 
of  phage  enzyme. 

Kyarolysi  s  ana  paper  chromatography  of  pnenol-soluble  lipoproteide  and 
phenol-insoluble  lipopoiysaccharide  of  the  coli  membrane  show  very  clearly 
that  the  first  indicates  the  typical  amino  acid  spectmm  of  a  true  protein, 
with  the  exception  of  the  presence  of  small  amounts  of  diajairiopimelic  acid 
th  .t  perhaps  had  been  carried  over  during  phenol  dissociation,  wiiiie  the 
lipopolysacchariae  layer  contains  a  conspicuously  large  quantity  of  alanine, 
glutamic  acid  and  diamir.opimelic  add  as  well  as  some  glycocoll  and  lysine, 
a:ai  only  traces  of  other  amino  adds.  The  ninhydrin-stoined  chromatogram 
further  shows  glucosamine  .and  muramic  add  a3  cspedally  distinct  spots 
(Fig.  la  and  b). 


3 


oo 


iii'iw  it  was  dotnninod  that  Wo  should  U30  the  lipopalys icchariuc  layer, 
isolated  with  pa  i.ol,  Tor  -he  stutf  of  tho  phago  enzyme  ana  its  c'ao..v;i,w«; 
eiicet,  ir.sto-.u  j i  w.«o«.c  mc-fomnes,  sauce  tnu  jitticu  oi  i,*;e  e  rosy  ■ *'•*  o ova oa  3 1  y 
.  takas  pl-ico.  on  the  for.  ^r.  .r.  .1  matter  of  fact,  a  conspicuous  chnxgo  in  con- 

sicler.ay  of  t!i centrifuge .*  lipopolysaccharlua  ;.ny  already  be  seen  ..acro- 
sconicilly,  if  -owe  concoi.tr -to^,  cr-^«  or.zy. \j  solution  is  cillowau  to  not 
upon  it,  while  i.o  ouch  effect  is  .lot*. a  initially  in  connection  with  whole 
llirtl  ;b r- 

.'  r  tar  purpose  of  o-j- axing  the  clu  .v..go  prouuct  jio  rrsixuo,  we  ere x tod 
about  1  ..il  lioopolysacch  .ri^e  uodicwr.t  with  1-2  ;al  crude  t)nzy-;<;  solution  in 
the  centrifu gation  tube,  The  so<iirr.'nt  was  simply  rc-snspendod  in  this  solution 
and  the  ftdxturo  maintained  at  o7°d  for  1  .lour.  It  was  then  ce..trifuj;w  for  - 
hour  at  12,000  rpa,  tnc  completely  clear  supernatant  (containing  fee  cl-*  *.v  -..,a 
proauct)  was  re.aavcd  ana  dried  in  the  exsiccator  for  hydrolysis .  Vim  sculmei.t, 
washed  once  with  water  on  the  centrifuge,  was  then  also  prop-ireo  for  hydrolysis , 


Tnc  paper  crjonuto  grails  of  the  two  hydrolysates  snow  chat  the  ii. 
-sacchal'idu  ha 3  almost  been  freed  of  the  characteristic  amino  acids  al; 
glutamic  ..da,  and  diordnopimolic  acid  by  phage  enzyme,  and  to  a  1  rrg 
also  of  ^.ucosaiidno  as  well  as  glycine  and  lyaino.  ill  tnis  dissolve1 
form  of  cohesive  complexes,  separable  only  by  hydrolysis,  while  the  i, 
riisiuue  only  now  may  be  design-tea  chemically  as  "lipopolysuacharidu. 
tiw  sugar  building  stones  gluoose  and  L-gala-J-icunno-heptose  (12, 14) 
istic  of  E.  coli  are  retained,  as  well  as  lipoiu.  This  Kite  rial  also 
capable  of  full  receptor  activity  toward  T4  (15).  -is  ..lready  anuounc 
phage  enzyme  does  not  attack  the  true  rocoptor  areas  of  the  lipepoiys 
layer. 


o  in  oiiO 

..soluble 


cluracter- 

is 

eb  (1), 

saCCi!  el'iClO 


t'ig.  2  shows  a  typical  chromatogram  of  the  hydro  lysed  material  that  •was 
separated  from  the  lipspolysacchari.de  layer  with  phage  enzyme .  The  particular¬ 
ly  distinct  spots  of  the  repeatedly  mentioned,  characteristic  components  arc 
recognized  i.  .mediately,  at  first  glance,  the  whole  chrom  itogram  is  almost 
identical  voLtn  that  of  hydrolysod,  complete  lipopolysacchari.de  (fig.  lb). 

hovertheless,  there  are  certain  informative  aifferences.  In  particular, 
the  concentrations!  relation  between  glucosamine  ur.d  mura.ric  aciu  in  the 
cicivuge  prouuct  has  distinctly  shifted  in  comparison  so  the  complete  iipopoly- 
3accnari.de,  in  the  sense  of  a  relative  increase  in  muramic  acid.  The  same 
coula  be  observed  on  special  chromatograms  for  ;«fl;ino  sugars  (see  "methods" ) . 

The  insoluble  residue  of  lipopolysucchuride  actually  retains  a  considerable 
-part  of  the  total  glucosamine  after  cleavage  with  phage  enzyme,  a  circumst  ..:co 
wiiich  may  be  taken  to  mean  that  glucosamine  is  present  in  lipopolysacch-rioe 
in  different  linkages:  One  part  is  attached  directly  to  separable  complexes 
and  is  cissolvea  out  as  an  integral  component;  tliis  nay  not  be  true  for  ^.u.thcr 
part. 

Glycine  anci  lysino  were  also  founu  in  the  separated  tutor!  al  u.n.  ,,-j.  . bly 
are  also  typical  constituents,  althou{j>  they  are  less  import:..;!  nun.; -it  i.lv—y. 
Perhaps  this  umtorial  consists  of  a  mixture  of  complexes  w..ic..  ..re  not  ob¬ 
structed  identically  in  the  qu.ilitativo  souse,  03  systematic  friction  it  Ion 
will  show.  The  (distribution  ana  part  t  -toa  by  the  other,  less  strongly 
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represented  .amino  -cias  cannot  be  estimitea  a3  yet,  especially  since  the  weak 
background  of  .uoino  acic.3  car.'iod  over  by  tr.o  enzy.v.3  ia  boJLn.iing  to  make 
itself  felt  in  the  hydrolysate  or  tbu  cleavage  product  at  those  lovrer  con¬ 
centrations. 

It  woula  be  impractical  to  ro..roduco  \  special  picture  oi'  t.io  insoluble 
residue  reiiHiniiij;  alter  phaga  o  .zyme  cleavage,  hydrolysed  lor  amino  acids  and 
cnrom  v  to  graphed,  since  a  quantity  d-ui.vnl..r.t  to  tuo  cleavage  product  would 
reveal  only  wexk  shadows  of  .:.,iao  adu  spots  on  the  c  .ro.:. ito^r.uu.  'iinco  there 
was  also  a  small  residue  of  vi..,.\incpii.'.clio  .-.eid,  we  must  ooiicluda  th.it  tku 
cleavage  lad  not  boon  complete  qu.u.tiun lively  unaer  the  chosen  conditions, 
diversified  linkago  of  <da:rduopir.eiic  acid  within  the  lipopolysacchartdc 
structure  is  considered  doubtful. 

huva  no  reason  to  doubt  tit  .t  t..u  second  amino  sugar  found  in  audition 
to  glucosamine  is  really  :.;ura..b.c  aciu.  ,.'o  were  able  to  compare  »no  suspected 
mura.de  acid  in  our  nydrolysa-tcs  wit  a  nutbeuti.:  ...ur  ude  acid,  kinuiy  furnished 
by  or.  .l.b.  Strange.  In  butanol/acctic  aciu,  pha.ol/vravor  aid  tort,  bula.iol/ 
HC1,  identical  Hf  values  were"  founu.  iiir.liyarin,  silver  nitrate  and  hlson- 
.. organ  reactions  were  positive. 

..i3cu  scion 


as  a  result  oi  preliminary  qualitative  investigations  ana  tho  conclusions 
drawn  therefrom,  it  has  been  determined  tint  the  coll  wall  of  coli  incorpo¬ 
rates  a  rigid  framework  vhicn,  according  to  it3  cne;dc..l  com..©  sit  ion,  is  very 
similar  to  the  typical  cell  wall  of  a  gram-positive  td.croorg-.rdsa  (e.g.  b. 
eubtili3  !  (9) ) • 

r’rou  t’ais  framework,  phage  enzyme  sopur- tec  relatively  low-molecular 
reticular  elements  which  probably  act  -3  bridges  between  mucii  larger  more 
compict  recop  tor-active  auilding  'docks  ar.u  ,  at  any  rate,  serve  to  lenu  co¬ 
hesion  to  the  structure.  1’he  reticular  elements  consist  of  the  (poptido-linkei 
sub-members  alanine,  glutamic  aciu  and  diai.iinopir.elic  acid  (alor..:  with  lysine 
and  glycine),  as  well  as  muramic  acid  and  glucosamine,  hherevor  they  are  re¬ 
moved  by  phage  enzyme,  the  basic  structure  loses  its  firmness  and  density. 

This  circumstance  should  be  of  particular  significance  for  viral  penetra¬ 
tion,  in  which  the  enzymic  influence  emanating  from  individual,  adsorbed  phage 
particles  is  rather  limited  loc-lly  (1,3)-  by  the  removal  of  only  a  few 
reticular  elements,  a  a.iall  portal  for  the  entry  of  virus  JNA  into  the  cell  is 

created,  which  may  be  raniuly  closed.  ..  complete  coll-.pse  of  the  fr _ .ework 

occurs  only  when  the  cell  wall  is  attacked  by  phage  particles  at  numerous 
poii.ts  simultaneously''  a.. a,  at  the  suae  time,  the  repair  of  resultant  holes 
n.ai  fissures  is  prevented  by  arbitrary  paralysis  of  cellular  metabolism.  In 
this  case  we  have  a  typical  process  of  "external  lysis."  The  normal  "internal 
lysis"  at  the  end  of  the  latent  period  surely  may  be  attributed  to  the  s..me 
collapse  of  trie  framework.  It  is  probably  triggered  by  the  suede.,  influence 
of  large  amounts  of  free  pinge  enzyme,  produced  to  excess  in  the  infected  cell 
this  time  destroying  the  basic  structure  from  the  inside.  Indeed  loch  ;u.d 
Jorum  were  ablo  to  demons  crate,  in  our  laboratory,  considerable  amounts  of 
i'roo  phage  enzyme  in  normal  T2  lysates  (16).  The:  fact  that  sufficiently 
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concentr,.tod,  free  enzyme  produced  from  the  plugo  parti clu s  proper,  has  a 
penetrating  effect  of  divining  tho  basic  structure  into  reticular  olg:.»..t{i 
and  residue,  is  illuuinatoa  by  the  present  paper. 


If,  according  to  our  assum,  tioxs,  penicillin  prevents  the  i.. corporation  . 
of  these  reticular  elements  into  the  growing  coll  will,  on  aev.mcing  dis¬ 
integration  of  tho  etwotur.;  up  to  final  lysis  of  the  cell  muni.  aov./lon. 
naturally  penicillin  is  abio  to  exert  this  efface  only’  on  ;iucroor,vi.;i:iM->  which 
contain  the  indicated  roticuiar  elements  in  their  coil  wall  structure  (it 
would  ropro6e.it  the  best  test  su'aot  .nca  for  this  effect),  that  in,  prim  .riiy 
on  grim-positive  bacteria  a^aii-st  which  it  is  ospocially  effective. 

'..’a  now  recognize  ti.u  roil  reason  for  t'is  conspicuous  affective  specifi¬ 
city  of  penicillin,  so  important  in  therapy.  It.  lio3  in  tho  cirou.vn  tauc - 
that  th6  cell  vail  of  gram -positive  bacteria  does  not  possess  fort; .nr  ..  .-a 
additional  prv  ‘  ’-‘  ion  against  total  rupwuro.  me  co.ij.  wall  of  a  tynic.il  ;P*ai- 
negutive  organism  such  as  ii.  coil,  on  tho  othor  hana,  possesses  tnis  snicl... 
here  the  true,  penicillin-susceptible  basic  structura,  the  o^dstencc  of  which 
wo  were  able  to  prove  for  the  first  time,  is  cove  row  by  a  thick,  n.i.foio 
layer  of  lipoprotcide,  containing  as  yet  a  largo  amount  of  lipoid  -s  "softener 
(12).  -hen  the  framework  gradually  yielus  to  the  internal  oruasurn  uuo 
progressive  shortage  of  roticulxir  ole. ante,  tho  cell  contents  iworlhoins  uo 
not  immediately  run  out,  but  only  expand  the  elastic  extern il  layer  of  lipo- 
protoide  little  by  little,  so  tlut  the  characteristically  aictorto..  coll 
shapes  aro  developed  which  have  stimulated  extensive  discussions  unuor  t.ac 
desdjiation  "L- shapes."  In  an  environment  vdth  tiie  proper  osi.utic  pressure, 
the  rupture  of  such  cells  docs  not  take  place  at  all.  ..'non  the  penicillin 
'’level  sinks,  the  framework  may  ba  re— stabilized,  since  tho  function  of  two 
coll  contents  was  prer  rved  by  tho  wall-lipoproteide,  aru  the  incur; >or .tien 
of  reticular  elemaits,  previously  bio  iced,  may  be  continued.  Gram-nog  itive 
cells,  possessing  this  protection,  thus  escape  destruction  by  penicillin, 
although  they  are  by  no.  means  insenaitivo  to  it,  and  reus  sumo  their  norm-l 
shape  after  a  short  period  of  growth. 


..cccr.tly,  numerous  methods  havo  been  described  lor  tne  procurement  oi 
"protoplasts"  from  5.  coli  B  (17,18),  some  with  the  aid  of  penicillin  (17). 

On  tlaa  'oasis  of  tho  present  discussion  wa  consider  it  certain  that  at  least 
the  penicillin  protoplasts  of  Leaerberg  are  not  genuine  protoplasts,  but  coli 
coil's  wnose  protoplasm  is  still  surrounded  by  rather  a  thick,  cohesive  lipo- 
protoide  layer,  in  which  only  the  sustaining  and  form-giving  frame  worn  :  s 
partly  or  wholly  absent. 


Our  demonstration  of  extensive  agreement  between  the  cell  walls  of  g 
noaitive  and  gram-negative  microorganisms  may  be  iinxed  with  a  few  .note.’ 
considerations.  Thus,  the  coll  wall  of  a  gram-positive  snetoraum  ms  txe 
appearance  of  tnat  of  a  gram-negative  one  that  has  lost  so.  io  thing,  «r,  cc 
versely,  the  cell  wall  of  a  gram-negative  organise  roso...blea  t;,j.t  o:  a 
)ositive  one  that  Ins  receivea  an  addition:  namely,  much  lipom  :ma  pro-. 
It  is  interesting  to  note  in  this  connection  that  Sal  ton,  in  one  of  hi- 
enlightening  papers  on  bactcri.il  cell  walls,  exaims  tnat  the  call  wall  o- 
pyo gates  (gram -positive) ,  in  addition  to  the  usual  basic  structure,  also 
tains  the  type-snccific  M-protein  (9)  •  It  ..ay  be  removed  tncro.rom  wit.. 
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■  u  ti  i  x  i  t(J  *j-4  fcv*  d  •  w*iwC«  i*  c  lx  .  nl  as  c..  j«r  •  i  .e  m  il  i  s  1 20 ) . 

u. . ' "I'c  . .  u  ..•  *  w' v'  cr*i*axaoii#  LvjUiVjCti  w >ii*  e. .  ur  e  no  ty p^,  o  o  x  to L  .1  oo vo rage 

and  Loo*!  ucnumtlon.  ..,1.; ». . r.xt  r>  1  — ev  JnOpmn 0  is  sniftou  iiviu  a  coiipxc.i 
w  v  .y:  io  a  ’  er-x  Ox-V'-  O.i.-  xg  „.  .v.lli  .  J:t  lOwS  |  or  U* ;  C  0t.>’  ,  .y  arOl'nU, 
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by  pango  Oi.iyi.io.  IT  it  ia  really  ••*  true  onqy.ua,  a  contention  th  .*  has  now 
boon  cu.tfnoiCwCii  so  far,  it  .vy  well  ;*.vo  the  character  of  a  jlyoosid  *»«  (<;) 

Ul*|  tilt,  t  |  II.  I  Xl  Oi  14  ’)'•)  ui  V.  1 . 1x3  p  r  ui  C  WhOiA  i  O  lit  CO  V  llx  W  O  '  1X5  0-i  iXLe 

jg  li.  '  J  ,  C  in  .1  .viii'i  OX  Will  Cii.iV.iji  tip  vitii  v  XiiX  Ox  w  1  it  i'tt  i.  Ol  Xtll  ['iti  ].\iWO 

of  ti.'.'  0  ..  ic  structure. 

.*•••  ..iv  as  ye  1  unable  to  i.-.i/.e  binding  ui  scIoguxm*.  on  :aiy  .^uanvit  tivu 
cOi’t'el  itio.iO,  in  respect  to  the  cleavage  reaction  ns  ‘./til  _o  concerni:;;,  the 
otructur  xi  uet.xils  of  the  basic  structure  oi  the  coli  coll  wall,  since  to  u.,ta 
wo  hive  used  only  "cull  r.iei.ibrjios11  prep  .rod  by  our  usthoa.  The  prop  a*  ition 
include-  .uito  lysis  and  trypsin  digestion,  therefore  coos  not  yield  cell  Walls 
ii.  .t  wholly  utafioctod  original  3tata,  in  the  chemical  sense.  I.;  order  to 
forest  ill  even  :.orc  advanced  attacks  on  the  lipopolysncchariue  layer,  30.  ;e- 
thing  that  i;a8  assumed  particular  importance  for  us,  wo  have,  contrary  to 
previous  procedure  (12),  omiiteu  its  subsequent  treatment  vdth  pane  matin, 
which  apparently  acta  upon  the  ‘oticul^r  elements  in  pnrticultr.  The  most 
suitable  i,i.t;ri-l  fur  futura  cu-ntitative  research,  in  our  oniiiio,.,  is  repre¬ 
sented  by  cell  walls  obtained  c j  the  mechanical  laceration  of  colls  (21). 

{v)  footnote :  as  we  hive  determined  in  tho  meantime,  the  cleavage  .'.roauct 
yields  strongly  positive  samples  of  sugar  roduction,  in  contrast  to  tho  in¬ 
soluble  residue  and  the  complete  lipopolysacchariae . 

Illustrations 


rig.  la.  xipoproeeide  hydrolysate.  ml*.*  ration:  1.  diaranepinolic  acid 
(appears  only  after  application  of  larger  quantities  of  iyuroiys-xte) ; 

2.  aspartic  acid;  3»  oiu-amic  acid;  i*.  s urine;  5*  glycine;  6.  threonine; 

7.  alanino;  8.  tyrosine;  9*  valine  /  methionine;  10.  phenylalanine;  11.  leucine 
/  iscleucine;  12.  proline;  13.  histidine;  L+.  i;rsir.e;  15.  arginine. 

rig.  lb.  ixipopolysacchariue  hydrolysate,  huneration  as  ir.  r'iw.  la; 
in  addition:  16.  .xiranic  acid;  17.  glucosaiuine. 

i-'ig.  2.  hydrolysate  of  the  soluble  lioopoiys xccharide  cleavage  product. 
Numeration  as  ir.  Fig.  la  and  b.  The  leucines  (we.uciy  represented)  are  cut  off. 
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